There is considerable and ongoing debate as to the harm inflicted on bees by exposure to 16 agricultural pesticides. In part, the lack of consensus reflects a shortage of information on field-17 realistic levels of exposure. Here, we quantify concentrations of neonicotinoid insecticides and 18 fungicides in the pollen of oilseed rape, and in pollen of wildflowers growing near arable fields. We 19 then compare this to concentrations of these pesticides found in pollen collected by honey bees and 20 in pollen and adult bees sampled from bumblebee colonies placed on arable farms. We also 21 compared this with levels found in bumblebee colonies placed in urban areas. Pollen of oilseed rape 22 was heavily contaminated with a broad range of pesticides, as was the pollen of wildflowers growing 23 nearby. Consequently, pollen collected by both bee species also contained a wide range of 24 pesticides, notably including the fungicides carbendazim, boscalid, flusilazole, metconazole, 25 tebuconazole and trifloxystrobin and the neonicotinoids thiamethoxam, thiacloprid and 26 imidacloprid. In bumblebees, fungicides carbendazim, boscalid, tebuconazole, flusilazole and 27 metconazole were present at concentrations up to 73 nanogram/gram (ng/g). Pesticide 28 concentrations in pollen collected by honeybees tended to be lower than those in pollen collected 29 by bumblebees. It is notable that pollen collected by bumblebees in rural areas contained high levels 30
Introduction 37
The extent, causes and consequences of bee declines have attracted much scientific and public 38 attention in the last decade. It is clear that there is no single cause, but that several interacting 39 factors including declines in floral abundance and diversity resulting from agricultural intensification, 40 the spread of parasites and pathogens, and exposure to pesticides all contribute to these declines 41 . The impact of pesticides, in particular the class of insecticides known as 42 neonicotinoids, on pollinator declines is the most controversial of these factors. 43
Neonicotinoids are neurotoxins which act as nicotinic acetylcholine receptor agonists in the central 44 nervous system of insects and cause overstimulation, paralysis, and death (Goulson 2013 ). These 45 pesticides are systemic and are widely applied as seed dressings to flowering crops, where they can 46 be detected at the low ng/g level in the nectar and pollen (Fairbrother et al., 2014) . Pollen is a major 47 food source for growing larvae and nurse workers, and so is a likely source of exposure of bees to 48 neonicotinoids (Sanchez-Bayo and Goka 2014). 49
A key part of the debate over the impacts of neonicotinoids has become focussed on the dose that 50 bees are likely to be exposed to in the field. Laboratory and semi-field studies are often dismissed as 51 using unrealistically high doses of pesticides. For example Whitehorn et al. (2012) experimentally 52 exposed bumblebee colonies to pollen containing 6 ng/g of the neonicotinoid imidacloprid, plus 0.70 53 ng/g in their nectar, and found an 85% drop in queen production compared to controls. However, it 54 has since been argued that this dose was higher than bumblebees are likely to receive in the field 55 because colonies will be feeding on a mix of contaminated crops and uncontaminated wildflowers 56 (Carreck and Ratnieksi 2014) . Thus obtaining more information on what constitutes field realistic 57 exposure to both bumblebee and honey bee colonies is vital to taking this debate forwards. 58
In addition to neonicotinoids, there is clear evidence that honey bees are routinely exposed to a 59 complex mixture of many different agrochemicals (Johnson et al., 2012 ). An analysis of honey bees 60 and their hive wax and pollen in the USA revealed that the majority of samples were contaminated 61 with at least one pesticide, and a total of 121 different agrochemicals, including metabolites and 62 miticides, were detected in samples (Mullin et al., 2010) . Similarly 37 insecticide and fungicide 63 chemicals were detected in honey bees and hive products sampled in France (Lambert et al., 2013) . 64
In addition to the active ingredients, bees may also be exposed to additives used in pesticide 65 formulations and these have also been detected in pollen and honey with the potential to interact 66 with pesticides and increase toxic effects (Mullin et al., 2015) . Synergistic toxicity of some 67 combinations of insecticides and fungicides have been reported for honey bees or their larvae (Iwasa 68 et al., 2004; Schmuck et al., 2003 ; Thompson et al., 2014; Zhu et al., 2014) . For example the toxicity 69 of some neonicotinoids can be increased by as much as a factor of 1000 by simultaneous exposure 70 to demethylation inhibiting (DMI) fungicides (Iwasa et al., 2004; Schmuck et al., 2003) . DMI 71 fungicides act by inhibiting Cytochrome P450 (CYP P450) mediated ergosterol biosynthesis in fungi 72 and are thought to inhibit CYP P450 enzymes in insects that are important for detoxification of 73 neonicotinoids and other insecticides (Schmuck et al., 2003) . 74
Our study focusses on determining which mixtures of commonly used fungicides occur alongside 75 neonicotinoids in crop and wildflower pollen and in the pollen collected by honey bees and 76 bumblebees. Our aim is to investigate the potential for exposure of bees to mixtures of 77 neonicotinoid and fungicide pesticides which are present in crop and wildflower pollen. Pesticides 78 were analysed in pollen collected from oilseed rape (OSR) flowers, wildflowers growing in margins of 79 OSR and winter wheat (WW) crops, and from pollen collected by honey bee (Apis mellifera) and 80 bumblebee (Bombus terrestris) colonies placed in arable farmland. We also compare exposure of 81 bumblebee nests placed in urban versus rural areas, and quantify residues in the adult bumblebees. 82
Mixtures of a total of 20 agrochemicals were analysed comprising neonicotinoids and fungicides 83 commonly used in UK crops. Pollen samples from OSR flowers were collected in 7 fields from three farms located in East Sussex 90 (United Kingdom) during the OSR blooming period (end of May -June 2013), and from 1 to 3 sites per 91 OSR field were sampled (n=11 in total). To obtain pollen samples, OSR flowers were gathered, stored 92 on ice in coolers in the field and then frozen immediately at -80°C until further handling. At processing, 93 flower samples were gently defrosted and dried in an incubator at 37 C for 24 hours to facilitate 94 pollen release from the anthers. After drying, flowers were brushed over food strainers to separate 95 pollen from anthers and sifted through multiple sieves of decreasing pore sizes (pore sizes from 250 96 to 45 µm). 97 -Wild plants in the field margins. 98
Wildflowers pollen samples were collected from 4 of the 7 OSR fields as well as in the margin of 4 WW 99 fields present in same the 3 farms. Field boundaries in the region typically consist of a hedge of woody 100 plants separated from the crop by a 0-2 m strip of herbaceous vegetation. The average sample 101 distance from the crop edge was 1.5 m (range 1-2 m). Samples of pollen were collected from the 102 wildflowers present in the field margins and hedge using the method described above for OSR plants. 103
The species of wildflowers collected depended upon which species were available. In OSR field 104 Five honey bee (Apis mellifera) colonies were placed in the vicinity of the OSR fields at the beginning 115 of the OSR flowering period (May 2013) and stayed in the same sites until the end of August 2013. 116
Distances between the hives and the nearest OSR fields ranged from 1 to 260 m (see Table S1 ). The 117 hives were equipped with pollen traps during 4 consecutive days at the beginning of June 2013 (i.e., 118 during the OSR blooming period), and for 4 days in mid-August 2013 (i.e., when no OSR was in flower) 119 in order to collect pollen loads from the returning honey bee foragers. After 4 days, the traps were 120 removed from the hives and the pollen gathered and stored on ice in coolers in the field, and then at 121 -80 °C until analysis. Pollen balls within each sample were sorted and weighed by colour (Human et 122 al., 2013; Kirk 2006 for target pesticides prior to the experiment and levels of all test analytes in bumblebee extracts were 129 below the method detection limits. Five nests were placed in different farmland sites in South-East England (East and West Sussex) at the beginning of May 2013. Sites were at least 1 km apart and in 131 average 590 m far from the nearest OSR crop (range 8-1116 m, see Table S1 ). Three other nests were 132 located in gardens from urban areas of West Sussex, being separated more than 4 km apart, and with 133 an average distance to the nearest OSR crop of 1577 m (range 240-2670 m). After 4 weeks of free 134 foraging in the field (comprising most of the OSR blooming period), pollen samples (> 200 mg) were 135 collected from the in-nest stores in every colony using stainless steel micro-spoons, and were stored 136 in 1.5 ml micro-centrifuge tubes at -80° C. Before extractions, every pollen sample was manually 137 homogenised using a micro-spatula. A subsample of approximately 2 mg was evenly spread in a 138 microscope slide, using glycerine jelly as the mounting medium. Light microscopy was used to identify 139 the source of the pollen grains within the samples, and the proportion of the different taxa present in 140 the samples was estimated by identifying pollen grains in five microscope fields of view uniformly 141 distributed across the slide coverslip until 200 pollen grains were counted. After ten weeks of free 142 foraging in the field, three to eight workers per nest were also collected for pesticide analysis of 143 individual bees. 144 2.2 Pesticide analysis 145
Chemicals and reagents 146
Choice of analytes: Details of test analytes used in the study are given in Table 1 . The pesticides 147 comprised nine classes of contaminants and included all five of the neonicotinoid chemicals that are 148 registered for use in the UK. Fungicides were chosen based on the most used (by weight) in UK crops 149 including oilseed rape, wheat, spring barley, field bean, strawberry and raspberry crops 150 (https://secure.fera.defra.gov.uk/pusstats/surveys/2012surveys.cfm). In addition, levels of an 151 insecticide synergist piperonyl butoxide were also analysed as it is used in agrochemical formulations 152 and has been reported to synergise the activity of some neonicotinoids ( trifloxystrobin, fluoxastrobin, piperonyl butoxide and also formic acid, ammonium formate, 169 magnesium sulphate, sodium acetate and Supel TM QuE PSA/C18/GCB (ratio 1/1/1) were obtained from 170 Sigma Aldrich UK. Certified standards of carbendazim-d3 and tebuconazole-d6 were purchased from 171
LGC standards UK and prochloraz-d7 and carbamazepine-d10 from QMX Laboratories Limited UK. All 172 pesticide standards were > 99% compound purity (except triticonazole: 98.8%, spiroxamine: 98.5% 173 and piperonyl butoxide: 97.9%) and deuterated standards > 97% isotopic purity. HPLC grade 174 acetonitrile, toluene, methanol and water were obtained from Rathburns UK. Individual standard 175 pesticide (native and deuterated) stock solutions (1 mg/ml) were prepared in acetonitrile (ACN) as 176 was an internal standard mixture of the seven deuterated pesticides at 100 ng/ml. Calibration points 177 in H20:ACN (70:30) were prepared weekly from the stock solutions. All solutions were stored at -20 o C 178 in the dark. 179
Sample preparation for neonicotinoid analyses 180 -Pollen samples 181
Pollen samples were extracted as described in David et al. (2015) . Briefly, 100 mg (± 5 mg) of pollen 182 sample was weighed and 400 pg of the mix of deuterated internal standards in ACN were added to 183 each sample which was then extracted using a modified QuEChERS method. First, 400 µl of water was 184 added and samples were then extracted by adding 500 µl of ACN and mixing on a multi axis rotator 185 for 10 min. Then, 250 mg of magnesium sulphate: sodium acetate mix (4:1) was added to each tube. 186
After centrifugation (13,000 RCF for 5 min), the supernatant was removed into a clean Eppendorf tube 187 containing 50 mg of Supel TM QuE PSA/C18/GCB and vortexed (10 s). The extract was mixed on a multi-188 axis rotator (10 min) and then centrifuged (10 min). The supernatant was transferred into a glass tube. 189
The PSA/C18/GCB phase was then extracted with ACN/toluene (3/1, 150 µl vortex 15 s). After 190 centrifugation, the supernatant was combined with that of the previous ACN extract and spin filtered 191 Bumblebees were first checked for adhering pollen residues in order to remove them before analysis. 196
Individual whole bumblebee samples were ground in liquid nitrogen with a pestle and mortar followed by manual homogenisation using a micro-spatula. Each bumblebee sample was then accurately 198 weighed (average weight ± standard deviation was 123 ± 83 mg). Then, 400 µl of water was added 199 and the samples were homogenised for 20 s using a vortex. Samples were then extracted using the 200 same modified QuEChERS method as above (i.e, 500 µl of ACN, 250 of magnesium sulphate: sodium 201 acetate mix (4:1) and 50 mg of PSA/C18/GCB). Extracts were reconstituted, centrifuged and stored as 202 above. 203
UHPLC-MS/MS analyses 204
The UHPLC-MS/MS method described in David et al. (2015) was used for the analysis of samples. 205
Briefly, sample extracts were analysed using a Waters Acquity UHPLC system coupled to a Quattro 206
Premier triple quadrupole mass spectrometer from Micromass (Waters, Manchester, UK). Pesticides 207 in extracts were separated using a reverse phase Acquity UHPLC BEH C18 column (1.7 μm, 2.1 mm × 208 100 mm, Waters, Manchester, UK) fitted with a ACQUITY UHPLC BEH C18 VanGuard pre-column 209 (130Å, 1.7 µm, 2.1 mm X 5 mm, Waters, Manchester, UK) and maintained at 22 °C. Injection volume 210 was 20 µl and mobile phase solvents were 95% water, 5% ACN, 5 mM ammonium formate, 0.1% formic 211 acid (A) and 95% ACN, 5% water, 5 mM ammonium formate, 0.1% formic acid (B). Methods were 212 developed to separate all 20 test analytes within a 25 min run. The initial ratio (A:B) was 90:10 and 213 separation was achieved at 22 • C using a flow rate of 0.15 ml/min with the following gradient: 90:10 to 214 70:30 in 10 min; from 70:30 to 45:55 at 11 min, from 45:55 to 43:57 at 20 min, from 43:57 to 0:100 at 215 22 min and held for 8 min prior to return to initial conditions and equilibration for 5 min. 216 MS/MS was performed in the multiple reaction monitoring (MRM) using ESI in the positive mode and 217 two characteristic fragmentations of the deprotonated molecular ion [M+H] + were monitored for 218 quantification and confirmation . Argon was used as collision gas (P collision cell: 219 3×10 -3 mbar), and nitrogen was used as desolvation gas (600 L/h). Mass calibration of the 220 spectrometer was performed with sodium iodide. Data were acquired using MassLynx 4.1 and the 221 quantification was carried out by calculating the response factor of neonicotinoid and fungicide 222 compounds to their respective internal standards. Analyte concentrations were determined using a 223 least-square linear regression analysis of the peak area ratio versus the concentration ratio (native 224 analyte to deuterated IS). A minimum of six point calibration curves (R 2 > 0.99) were used to cover the 225 range of concentrations observed in the different matrices for all compounds, within the linear range 226 of the instrument. Method detection limits (MDL) and method quantification limits (MQL) for pollen 227 and bumblebee matrices are given in Table S2 . 228
Quality control 229
One workup sample (i.e., using extraction methods without a pollen/bee sample) per batch was 230 injected on the UHPLC-MS/MS at the beginning of the run to ensure that no contamination occurred 231 during the sample preparation. Solvent samples (ACN:H2O (30:70)) were also injected between sample 232 batches to ensure that there was no carryover in the UHPLC system that might affect adjacent results 233 in analytical runs. Identities of detected neonicotinoids and fungicides were confirmed by comparing 234 ratios of MRM transitions in samples and pure standards. The standard calibration mixture was 235 injected before and after all sample batches to monitor sensitivity changes, and quality control 236 samples (QCs, i.e., standard solutions) were injected every 10 samples to monitor the sensitivity 237 changes during the analysis of each batch. 238
Statistical analysis 239
All statistical analyses were carried out using GraphPad Prism 6 software. Pesticide concentrations in 240
the different pollen matrices were tested for normality using the D'Agostino-Pearson test. As pesticide 241 concentrations were not normally distributed for many pesticides in the different pollen types, non-242 parametric Mann-Whitney U-tests were used to compare the concentrations of neonicotinoids and 243 fungicides present in pollen collected from OSR flowers, wildflowers and honey bees, and for 244 bumblebees and their pollen collected from urban and rural areas. To perform the statistical analyses, 245 all concentrations that were over the limits of detection (≥MDL) but below the limits of quantification 246 (<MQL) were assigned the value considered as the MDL in each case. Concentrations below the MDL 247 were considered to be zero. 248
Results 249
3.1 Neonicotinoid and fungicide residues in pollen samples from oilseed rape, wildflowers from field 250 margins and pollen collected by honey bees. 251
Frequencies, ranges and mean concentrations 252
Mixtures of neonicotinoids and fungicides were analysed in pollen samples from OSR flowers, 253 wildflowers from OSR and WW margins and pollen collected by honey bees (during and after the OSR 254 bloom) in order to estimate exposure of bees to these pesticides. All the different types of pollen were 255 collected in each of the 3 different farms. Frequencies of each pesticide (i.e., percentage of samples 256 with detectable levels of pesticides) as well as the ranges, mean and median concentrations found in 257 the different pollens are presented in Table 2 (for raw data see Table S3 to S7). As expected, the number of detected pesticides, their frequencies, their ranges as well as their mean 267 concentrations were generally higher in pollen from OSR flowers than in wildflower pollen and pollen 268 collected by honey bees ( Table 2) or up to two years before the sampling (i.e., before the rotation to OSR crop). Trifloxystrobin had been 281 applied to WW fields present in the same farms two years before the sampling period (Table 1) .
-Wildflower pollen 283
Pollen from four wildflower species was collected from 8 OSR field margins between June and August 284 2013. A similar mixture of pesticides as OSR pollen was detected in pollen from wildflowers growing 285 in the OSR field margins; however their frequencies of detection and concentration ranges were 286 generally lower than for OSR pollen (Table 2, Figure 1 ). Concentrations of thiamethoxam (Mann-287 Whitney test, U=11, p=0.0045) and thiacloprid (Mann-Whitney test, U=6, p=0.0006) were significantly 288 lower in wildflower pollen compared with OSR pollen. Nevertheless, it is worth nothing that the 289 highest concentration of thiamethoxam were measured in the pollen from a wildflower (21 ng/g 290 detected in pollen from Matricaria recutita flowers growing in the margin from OSR field 2 in farm 2, 291 Table S4 ). Pollen was collected from 13 wildflower samples comprising 8 different species growing in 292 8 margins of WW fields between July and August. Three neonicotinoids and six fungicides were also 293 detected in wildflower pollen collected in WW field margins, and all the agrochemicals had been 294 applied previously to WW or to nearby fields. Concentrations of most pesticides were the same in 295 pollen samples collected from the wildflowers growing in WW and OSR field margins with the 296 exception of thiacloprid (Mann-Whitney test, U=3, p=0.002) which was lower in wildflower pollen 297 from WW field margins.
-Pollen collected by honey bees 299
Pollen traps were used to collect pollen brought back to honey bee hives placed on the farms, both 300 during the OSR blooming period (beginning of June 2013), and later in the summer when no OSR was 301 in flower (mid-August 2013). Honeybee pollen balls were sorted by species in order to study the 302 variability in exposure levels and sub-samples that were > 100 mg were analysed separately. (the 303 pesticide concentrations for the composite samples brought to the hives were also calculated for later 304 comparison with pollen samples collected from the bumblebee nests). During June 2013, the honey 305 bee collected pollen included 9 wildflower species and OSR pollen, and 12 wildflower species in 306
August, and the total pollen analysed comprised >86% of the total honey bee collected pollen in June 307 and >75% of the total honey bee collected pollen in August (Tables S6 and S7 ). In terms of weight, the 308 majority of these pollen samples collected by honey bees during the OSR flowering was from 309 wildflowers, with just 10% of pollen coming from OSR . All pollen samples collected 310 by honey bees were contaminated with a mixture of neonicotinoids and fungicides; a total of 14 311 compounds in pollen collected during OSR blooming and 10 after the bloom period. The number of 312 pesticides found in any one pollen sample ranged between 2 to 8 compounds. A similar mixture of 313 neonicotinoids and fungicides were detected in honey bee collected pollen in June as that present in 314 wildflowers and OSR pollen, however, these compounds were at lower concentrations in honey bee 315 corbicular pollen (Figure 1) . The total concentrations of pesticides in honey bee pollen were lower in 316 Overall these results reveal that pollen collected by honey bees are contaminated by similar 333 mixtures of pesticides as those present in wildflower pollen collected from OSR or WW field margins. 334
The most frequently detected (>28%) pesticides both in honey bee collected pollen and wildflower 335 pollen were thiamethoxam, thiacloprid, carbendazim, boscalid, spiroxamine, tebuconazole, 336 pyraclostrobin and trifloxystrobin. Carbendazim and spiroxamine were detected at concentrations 337 up to several hundreds of ng/g in some pollen samples. The totals for the mean measured 338 concentrations of pesticides in pollen were 166 ng/g from OSR, and for wildflowers sampled from 339 OSR and WW margins 78 and 25 ng/g respectively, and for honey bee pollen sampled during and 340 after the OSR blooming period 17 and 2.6 ng/g respectively (concentrations of the whole composite 341 pollen samples brought to the hives were used for the calculation of the means). The presence of neonicotinoids and fungicide mixtures in pollen and individual bumblebees sampled 345 from nests placed either in rural farmland or urban environments was determined. The range, mean 346 and median of the pesticide levels found are presented in Table 3 . Pollen and bumblebees were collected from the same nests. Between 5 and 8 individuals per nest were analysed (except for one nest where only 3 workers 367 were available). For the calculations of means and medians, all concentrations that were over the limits of detection (≥MDL) but below the limits of 368 quantification (<MQL) were assigned the MDL value, whilst concentrations below the MDL were considered to be zero. ppb = ng/g wet weight of sample. 369
Compounds highlighted in bold correspond to pesticides that were commonly found in pollen from both rural and urban areas. 
Rural area
Concentrations of pesticides in pollen and bees sampled in urban areas (n=3) were much lower 376 compared with rural areas (Figure 2 ). In nests placed in urban areas, six pesticides were detected in 377 pollen collected by bumblebees; imidacloprid, acetamiprid, carbendazim, epoxiconazole, 378 tebuconazole and pyraclostrobin. Imidacloprid was detected in pollen at up to 20 ng/g. 379
Thiamethoxam, thiacloprid and tebuconazole were detected in bumblebee individuals at 380 concentrations < 1 ng/g. Imidacloprid, carbendazim, tebuconazole and pyraclostrobin are the 381 pesticides that were commonly found in pollen from both rural and urban areas. 382
A comparison of pollen collected by honey bees and bumblebees during the OSR bloom in rural 383 landscapes revealed that many of the neonicotinoid and fungicide compounds which were present at 384 concentrations > 1 ng/g were common to pollen collected by both bee species, but in this study 385 exposure appeared to be much higher for bumblebees ( Figure 3) . 386
The insecticide synergist piperonyl butoxide was not detected in any of the pollen samples in this 387 study. Debates over the impacts of pesticides on bees have tended to focus on the effects of specific 405 compounds or groups of compounds, with much attention in recent years on neonicotinoid 406 insecticides. However, it has recently become clear that honeybees are chronically exposed to 407 complex mixtures of pesticides (Johnson et al., 2012) . Here, we show that both flowering crops and 408 nearby wildflowers are contaminated with a broad range of pesticides, and that this translates into 409 exposure of both honey bees and bumblebees to similar complex mixtures, with marked differences 410 in concentrations of pesticides in pollen collected by the two bee species. However, these differences 411 in concentrations between honeybee and bumblebee pollen must be tempered by the fact that the 412 bumblebee nests and the honeybee hives were placed in different rural areas and by the fact that 413 honeybee pollen was gathered for 4 days using traps, whereas bumblebees foraged for 4 weeks before 414 the pollen was collected in the nests. Nevertheless, it is likely that the pollen sample collected by 415 bumblebees was gathered in the previous two-three days as they keep low storage levels to avoid 416 theft of honey and pollen by mammals (Heinrich 2004) . 417
Our data show that the pollen of oilseed rape crops is contaminated with a broad range of pesticides, 418 notably spiroxamine, carbendazim, the neonicotinoids thiamethoxam and clothianidin, a range of DMI 419 fungicides and trifloxystrobin. Other fungicides, i.e. boscalid, pyraclostrobin and fluoxastrobin were 420 also present but less frequently detected. Broadly similar cocktails, at generally slightly lower 421 concentrations, were found in hand-collected pollen from wildflowers in arable field margins. It should 422 be noted that this is not an exhaustive list of the pesticides present; in particular we did not screen for 423 pyrethroids because these require an entirely different analytical approach, but these were used on 424 the farms we studied. 425 Some of the neonicotinoids and fungicides that we have detected in honeybee collected pollen had 426 already been detected in similar pollen samples in other studies, although this is the first study 427 providing data in bee pollen for this mixture of pesticides in UK. It should be noted however that these 428 studies used composite pollen samples (as opposed to pollen from individual species here) and 429 therefore provide less information on the variability of exposure levels. In pollen samples from honey 430 bee colonies in western France, carbendazim and flusilazole were detected at concentrations up to 431 2595 ng/g and 52 ng/g respectively (as opposed to 120 and 6.1 ng/g respectively in our study) 432 (Lambert et al., 2013) . Higher concentrations of thiacloprid, imidacloprid, carbendazim, 433 trifloxystrobin, boscalid, tebuconazole, pyraclostrobin and trifloxystrobin were also observed in 434 honeybee pollen collected in hives from North America (up to 962 ng/g for boscalid) (Mullin et al., 435 2010) but their frequencies were generally much lower than those detected in this study. Overall, our 436 results and these studies indicate that these mixtures of insecticides and fungicides appear ubiquitous 437 in pollen samples and that even higher concentrations than the ones observed in our study can be 438 encountered. 439
Honey bees and the bumblebee Bombus terrestris are both highly polylectic in their flower visits; both 440 are regular visitors to OSR flowers (Cresswell and Osborne 2004) , but both taxa also visit a broad range 441 of wildflowers present in field margins and hedgerows, gardens, and uncropped areas, though the two 442 species exhibit different floral preferences (Wood et al., 2015) . We would thus expect both species to 443 be exposed to the chemicals we found in pollen of the crop and wildflowers, and indeed this was the 444 case. It is worth noting that for both species, pollen from hawthorn represents a major part of the 445 collected pollen (up to 87%) and that the pollen from hawthorn collected by honeybees was often 446 contaminated by several pesticides (up to 4) and notably at concentrations up to 33 ng/g for 447 carbendazim. 448
For pollen collected by honeybees, the major pesticide contaminants were (in declining order of mean 449 concentration) carbendazim, boscalid, spiroxamine, tebuconazole and trifloxystrobin, with small 450 amounts of the neonicotinoids thiacloprid, imidacloprid and thiamethoxam. Overall, the 451 concentrations tend to be lower than in the crop or adjacent wildflowers, likely to be because the bees 452 are also collecting pollen from uncontaminated wildflowers distant from arable fields, diluting the 453 overall concentration returning to the hive. There was a notable reduction in the concentrations of 454 neonicotinoids and fungicides detected in honey bee pollen collected after OSR blooming, presumably 455 because the bees are no longer feeding on treated crops but also perhaps because of ongoing 456 biodegradation and photolysis of pesticide residues in the environment as summer progresses 457 
